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Abstract

A recordluminosity of 4. 103! hasbeenreachedat the
Fermilabp — p collider. The lifetime of this luminacsity
at the beginning of the storeis abou 9 to 10 hous. This
lifetime canbe explainedby the measuredoss of antipro-
tonsandprotas dueto collisionsandemittancegrowths.
We repat on trans\erse emittancegrowth ratesbasedon
our Synchotron Light Monitor. Longitudinal emittance
growth ratemeasuremas are basedon the TeV Sampled
BunchDisplay data. It is shovn that Intra BeamScatter
ing is a significantsoure of emittancegrowth. We com-
mentonotherpossiblefactorsfor theseobsenedemittance
growth rates. Finally, we comnent on future luminasity
lifetimes,aswe hopeto furtherincreaseour peakluminaos-

ity.

INTRODUCTION & INSTRUMENTATION

The luminosity lifetime is a critical factorin reaching
high integratedluminosity at ary collider[1]. In this pa-
per, we summaize the resultsbasedon variows Tevatron
instrumentson the various factorsdeternining the lumi-
nositylifetime for thep/, p Tevatron collider.

The luminosity is measuredy the CDF Cerenkov Lu-
minosity Counter(CLC)R]. Thebunchintensitiesaremea-
suredby the Fast Bunch Integrator (FBI) comectedto a
wall currentmoritor [3] Although this is not the optimum
way to deternine the bund intensitydueto uncetainties
in themeasurd offsetscomingfrom thenon-unform beam
structure the precisionof this device is adeqateto estab-
lish the correlationsshovn belov. The SampledBunch
Display (SBD) [4] is usedto measurehelongtudinal pro-
file of every bunchin the Tevatran ring. This devicessam-
plesat 2 GHz, perfams Gaussiarfits andrepats a mea-
suremenbf thebunchlengthfor the2 x 36 bunchesevery
3 second or so. The trans\erse emittancesare measured
at the beginning of the High Enegy Physicsphase(e.g.,
when the beamcollides) with the Flying Wire[5] These
wires createbackgourd at the expeiments,so we do not
fly themduringthestores.Insteagdwe usethe Synchrotron
Light Monitor (SyncLite]6], which measureghe trans-
versebeamprofile in eachplaneswithout pertubing the
beams.This device repots eachbunchtrans\ersesize ev-
ery 15secondsTheemittanceseportecoy FW andSL are
reprodiciblewith atypicalrmsof afew percentHowever,
the systematicerror or absolutescaleuncertanty, is much
large, of the orderof 20 to 30%, asindicatedby the ef-
fective emitancemeasuementcomirg from theluminasity

countes'.

Thedatais collectedvia the SequenedDataAcquisition
system[7] The storeswe considerhereare from August
2002through March2008.

LUMINOSITY LIFETIME

The Luminosity £ recoded by the collider detectors
(CDF and D0) can be compaed to the compued ones
basedon bunch intensitiesand emittances[B The nor
malizedcollision rate changevs time for a given pair of
bunches (or the inverse of the luminosity lifetime) canbe
expresseasthefollowing sum:

1/£dLJdt =1/ Ag + 1A +2/04(dog/dt)/(1.+€p/€q) +

2/op(dop/dt) /(1. + €4 /€p) + 1/FdF/dt

wherel,, A, aretheantiprots andprotan bunchinten-
sity lifetimes, respectiey. o, ando, arethebeamwidths,
averagedover both trans\erse plane€ ande, ande, are
thetrans\erseemittancesF is thehouglassfactor, derived
from the SBD bunchlengthmeasurerants.

Eachof thesetermscanbe determired from data. The
protonlifetime canbe muchshorterthanthe inverse col-
lision ratedueto poor machire tuning (slightly misplaced
collimatorsor orhits, betatran tunesor chramaticities).For
other‘goodstores” theprota lifetime is thesmallestom-
ponerentin determiring thislumisositylifetime: thep life-
time is typicdly 16 houss against~> 100 houss for the
protonbeam.Theemitancaermscontributeto ~ 25 hous
(P andp) in all threeplanes. The self consisteng of this
simplederivationhashbeenchecledby commaringthemea-
suredlumincsity lifetime to the sumof theseotherquan-
tities, as showvn on figure 1. Although reasoably good
agreemenis obtaired (5 to 15%, relative, on the luminos-
ity lifetime), the effective emittancegrowth is significantly
largerthanthe measuredSL) emittancegrowth rates.

/

OBSERVATIONS OF EMITTANCE
GROWTH AND INTRA BEAM
SCATTERING (IBS)

We now conceatrate on the praton emittancegrowth
rates. This growth rate r, = 1l/ede/dt = 2r, =
2/o do/dt is typically a few percem perhour, in all three

lwe deinfinethe effective emittancease, sy = F No Np /(4w B* L)
2We assumenerethatthe horizontal andvertical emittancearenot too
differentfrom eachother which s the case.
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Figurel: Correlationplot betweerthe predcted (basedn
variows emittane andintensitydetectorsys measuredu-
minosity lifetime. One datapoint correspondgo onep p
bunchin a given store. This datawastakenduring August
2002 Similarresultshave beenobtaired onrecentstores.

planesatthebeginning of thestore.r . itself decagwith an
apprximate half-life of 5 hous. The grow ratesrepated
from now on have beenmeasued for the first 2.5 hous
of the stores. The correlation betweenthe horizantal and
longitudnal growth ratesshavn onfigure 2 is statistically
signficant,althowgh thereis a lot of fluctuations bunchto
bunchandstoreto store.A similar correlation betweerthe
verticalandholizontalgrowth rateshasalsobeenobsered.

Horizontal Growth Rates vs Longitudinal Growth Rates
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Figure 2: Correlation plot betweenthe longitudnal and
horizortal relative bunchsizegrowth rates.Out of 15store,
only two of themshavedno correlatian. For all othersthe
probaility that no suchcorrelation existedis only a few
percentfor eachstore.

We now shaw thattheseobseredr,(, , ) growth rates
are qualitatvely and semi-quatatively corsistent with
IBS. Following thistheonj1], we compue thesequantities
taking into accoun the prope averadng of the dispersion
andbetatran function, including the straightsections.For
elliptical beamstheemittancegrowth ratein thehorizontal

Lc No T‘g A.Z'av

planeis (in theultra-relatvistic regime)
[Te,sz]N |:1—I€:|
Te,y €y 4/2. 430, 0, oy \/m K
whereL. is the coulanb logarithm, takenin this calcu-
lationto be28.108. Ny is thenumkber of protors perbunch
atlow beta,~ 1.7 10! ~ is the Lorentz relativistic factor
1045 r, is the classicalradiusof the proton 1.5310~1°
mm. o, thermsbunchlength expressedn sec( = 2 ns).

o, is theeffective horizantal beamsize(Gaussiaw), aver-
agedover theentirering, respectiely, takento be:

Oz = \/(eg,a: Be,av) + (D3, ‘712))

€4,z IS thermsgeonetricalemittance Thus,o , includes
the contritution dueto dispersion The lattice betaj, 4.
anddispersionD?  functions are averagedover the entire
lattice. o, is the vettical beamsize,averagedover the en-
tire ring. 6, 6, is theangular spreadf the beam(oneo),
excluding the cortribution from dispersiononceagain,av-
eragedover the entirering, in the horizantal and vertical
planesrespectiely. « is the IBS trans\ersecouplirg fac-
tor. Az,, islengthwiseaverag of thefollowing comhined
Twissfunction,

D;% + (DzIBz + azDz)2
Bz

Lik ewise,longitudnally, we have,

de, L, Nor2T2

Te,z = =
€5 dt 4\/?730T010y1/9§+9§

wherel'; is (o, ¢) /op

The comparisondata/IBSmodelis shavn on figure 3.
Onceagan, the correlation betweenpredcted and mea-
suredvaluesis statisticallysignficant,oncewe rejectthe
storeor bunche for which the praton lossrateis anoma-
lously high comparedto the expectedlossdueto collisions
at BO andDO0. The causefor suchoccasionakhortproton
lifetime is not known for certain(slightly incorrect tunes,
non-linearresonane whoseeffectsare possiblyamgified
by beam-leam).In absenc®f betatroncouging, IBS pre-
dictsnogrowth ratein theverticalplane.Sincewe arerun-
ningwith significantcouding (x =~ 0.3), emittancegrowth
isindeedobsenred in bothtranserseplane.Despitethere-
ductionof thegrowth ratein thehorizantal planedueto this
coupling effed, the IBS predictian for mostof the stores
aresignficanly above the measuedvalues,in the horizan-
tal andlongitudnal plane. We suspecthatresidualbeam
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andincrease$o 15to 20 hous attheendof thestore.This

lifetime is quaritatively (~ 15%, relative) undestoodin _ .

termsof beamlossesandemittancegrowth. We compared ~ Figure3: Correlation plot betweerthe measureandIBS-
theseemittancegrowth rateswith the IBS predction and ~ Predictedhorizantal (top) andlongtudinal (bottam) rela-
found semi-qantitative agreerent. (~ 50%) Thiswork Ve bunchsizegroathrates.
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